METHOD FOR VAPORIZATION OF LIQUID ORGANIC FEEDSTOCK 

AND 

METHOD FOR GRO\/\/TH OF INSULATION FILM 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for vaporization of 
liquid organic feedstock and a method for growth of an insulation film, 
especially to a method for produdng a functional organic polymer film 
that insulates a multilayer wiring gap of a semiconductor integrated 
circuit. More specifically, it relates to a method for vaporization of 
liquid organic feedstock made of an organic monomer or an organic 
oligomer which Is a constituent of a functional organic polymer film. 

Description of the Related Art 

A semiconductor Integrated circuit is being downsized in 
designing rule, and consequently deterioration of performance due to 
delay by wiring Is notably observed. That is, a wiring signal delay of a 
semiconductor integrated circuit is determined with a wiring CR time 
constant (C: wiring capacity, R: wiring resistance). Because of the 
increase in wiring resistance due to the decrease in wiring width and the 
increase in wiring gap capacity due to the decrease in wiring gap, there 
is a fear that the wiring CR time constant may not come up with the 
improvement in switching speed of transistors. An aluminum alloy is 
currently used as a wiring material of a semiconductor integrated circuit. 
However, owing to the decrease in resistance of a wiring, a copper 
wiring or a silver wiring has been studied. 
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Meanwhile, for reducing a wiring gap capacity, an Insulation film 
material having a lower dielectric constant than the existing silica (SiOj) 
insulation film has been studied. As an insulation film having a low 
dielectric constant, fluorine-containing silica (SiOF). porous silica and an 
organic polymer film (organic insulation film) are known. Fluorine- 
containing silica is problematic in that corrosion of a wiring metal occurs 
With hydrofluoric acid through a reaction between fluorine in the film and 
moisture or hydrogen or a dielectric constant is Increased by eliminating 
fluorine. Porous silica is expected because a specific dielectric 
constant can be less than 2. 

However, sometimes, a specific dielectric constant is increased 
by condensation of moisture to a micro-hole or an insulation pressure 
resistance is decreased. At present, the development of an organic 
polymer film excellent in heat resistance and moisture resistance has 
been in urgent demand as a layer-to-layer insulation film that insulates a 
multilayer wiring gap on a semiconductor integrated circuit. With 
respect to the moisture resistance, it is important that a hydrophilic 
group is absent in an organic monomer, and it is advisable that a 
polymerization reaction of an organic monomer which is a constituent of 
the organic polymer film does not undergo a polycondensation reaction 
of water. The organic monomer herein is a material that, as a 
structural unit, causes a polymerization reaction to fonn an organic 
polymer. 

As a method for growth of the functional organic polymer film, 
there is a spin coating method of an organic monomer (hereinafter 
referred to as a first ordinary example). This spin coating method has 
been widely used in growth of an organic polymer film. In this case, an 
organic monomer is dissolved in a solvent. During film fomiation, a 
solvent is removed, and a polymerization reaction proceeds by heating 




an organic monomer. Consequently, a two-dimensional or three- 
dimensional network film or a polymer film is formed. An organic 
monomer dissolved in an organic solvent becomes a structure of an 
organic insulation film as a product. 

For example, a method in which a divinylsiloxanebisbenzocyclo- 
butene polymer film is fonned by spin coating is described in, for 
example. "REAL-TIME FT-IR STUDIES OF THE REACTION KINETICS 
FOR THE POLYMERIZATION OF DIVINYLSILOXANEBISBENZO- 
CYCLOBUTENE MONOMERS" (material Research Symposium 
Proceeding vol. 227. p. 103. 1991), T M. Stokich. Jr., W. M. Lee. R. A. 
Peters (hereinafter referred to as reference 1). 

Japanese Patent Laid-Open (JP-A) No. 17006/1999 proposes a 
method for evaporation of an organic monomer (hereinafter refen-ed to 
as a second ordinary example) as a method for growth of a functional 
organic polymer film. In this method, an organic monomer is ^ 
evaporated, and a monomer In a gaseous phase is polymerized on a 
substrate to obtain an organic polymer film. 

Japanese Patent Laid-Open (JP-A) No. 12532/2000 proposes a 
method for growth of a polymer film by vaporization of an organic 
monomer using a carrier gas (hereinafter referred to as a third ordinary 
example) as a method for growth of a fijnctional organic polymer film. 
In this method, a polymer film is grown by a step of feeding a liquid 
organic monomer to a vaporization controller, a step of heating the 
liquid organic monomer in the vaporization controller, feeding a carrier 
gas and vaporizing the organic monomer while keeping a partial 
pressure of the liquid organic monomer lower than a saturated vapor 
pressure and a step of transporting the carrier gas containing this 
vaporized organic monomer from the vaporization controller to a 
reaction chamber, further passing the organic monomer through RF 



plasma to activate the same and spraying the resulting product on a 
surface of a substrate mounted in the reaction chamber to grow a 
polymer film containing the organic monomer in the staicture. 

Specifically, in the third ordinary example, divinylsiloxane- 
bisbenzocyclobutene (DVS-BCB) is vaporized by feeding 100 to 3.000 
seem of the carrier gas into the vaporization controller held at the total 
pressure of 20 torr or less, feeding 0.1 to 0.01 g/min of the DVS-BCB 
monomer into the vaporization controller and heating the mixture at a 
temperature of 1 00 to 1 76'C . Further, the vaporized organic monomer 
'2 is introduced into a plasma gas atmosphere to expedite the 
m polymerization reaction of the organic monomer and decrease the 
m growth temperature of the organic polymer film. The ring opening 

reaction of the carbon 4-membered ring in the benzocyclobutene 
y stmcture is started at a lower temperature by generation of plasma to 

□ obtain a polymer film made of a three-dimensional polymer chain 

f containing the DVS-BCB monomer in the structure. 

3 The first to third ordinary examples however involve the following 

^ problems- 

In the first ordinary example, the organic monomer is dissolved 
in the solvent, and the solution is spin-coated. In the spin coating, 
approximately 90 % of the solution Is scattered outside the substrate. 
Thus, the use efficiency of the feedstock is bad. 

Further, the spin-coated film is heated, and the solvent is first 
removed. Then, the residue is further heated at a high temperature to 
cause the polymerization reaction of the organic monomer and form the 
organic polymer film. When oxygen is present in a baking oven, 
oxygen and a part of the organic monomer are sometimes reacted so 
that a desired organic polymer film is not formed. For example, a 
permissible oxygen concentration in spin-coating the solution of the 



DVS-BCB monomer in mesitylene and then baking the same is 100 
ppm or less. For this reason, the whole part of the bal<ing oven has to 
be purged with a nitrogen gas. Accordingly, this method cannot be 
realized at low costs. 

Still further, dissolved oxygen dissolved in the solvent is 
sometimes reacted with the organic monomer in the bal<ing. Thus, it is 
required to strictly control the atmosphere. However, it Is difficult to 
strictly control the atmosphere in the spin coating. 

Furthermore, the spin coating is conducted in a spin coating 
chamber from which a gas is locally exhausted. At this time, floating 
refuge or fine particles of the organic monomer adhered to the inner 
wall of the spin coating chamber and dry-solidified are sometimes 
incorporated into the spin-coated film to degrade the film. 

Moreover, the spin coating is problematic in that it requires a 
large amount of an organic solvent to invite great environmental burden. 

The second ordinary example is excellent in that it is quite good 
in the use efficiency of the raw material in comparison with the spin 
coating method. However, since the overall liquid organic monomer is 
vaporized from the gas-liquid interface, it is required to heat a large 
volume of the organic monomer at a high temperature. Meanwhile, 
since the organic monomer is reactive, there is a likelihood that the 
polymerization reaction proceeds at a high temperature and the 
vaporization of the organic monomer Is instable. Thus, it is necessary 
to improve this instability. 

In the third ordinary example, the liquid organic monomer is fed 
to the vaporization chamber via the monomer feed hole to form a liquid 
film. Such a liquid organic monomer is heated to a predetermined 
temperature by a heater, and then contacted with the carrier gas in the 
vaporization chamber. Incidentally, since the vapor pressure of the 
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organic monomer is Increased with the increase in temperature, it is 
advantageous for the increase In vaporization efficiency. Meanwhile, 
the organic monomer is increased In Its polymerization rate with the 
increase in temperature. Consequently, when the temperature is too 
high, the organic monomer is polymerized and solidified before being 
vaporized. 

For the organic monomer to be vaporized satisfactorily without 
increasing the temperature, the flow rate of the carrier gas is increased. 
Nevertheless, when the flow rate of the carrier gas fed to the narrow 
vaporization chamber is increased, there arises a problem that the 
pressure inside the vaporization chamber is increased owing to the 
pressure loss of the vaporization chamber. 

SUMMARY OF THE INVENTION 

It is an object of the present Invention to provide a method for 
vaporization of liquid organic feedstock in which liquid organic feedstock 
can be vaporized in good efficiency. 

It is another object of the present invention to provide a method 
for growth of an organic polymer film made of an organic monomer by 
activating a vaporization monomer in plasma and polymerizing this 
monomer on a substrate. 

In accordance with the Invention, there is prowded a method for 
vaporization of liquid organic feedstock made of an organic monomer or 
an organic oligomer capable of forming an organic polymer insulation 
film by feeding the liquid organic feedstock to a vaporization controller, 
which comprises a first step of mixing the liquid organic feedstock with a 
camer gas at a temperature lower than a heat polymerization reaction 
starting temperature of the liquid organic feedstock to form a gas-liquid 
mixed fluid, a second step of spraying the gas-liquid mixed fluid on a 



vaporization vacuum chamber to form an aerosol of the liquid organic 
feedstock and heating the aerosol, and a third step of vaporizing the 
liquid organic feedstock through the aerosol. 

The aerosol has a diameter of, for example. 100 to 1 /^m, and 
the liquid organic feedstock is. for example, a divinylsiloxanebisbenzo- 
cyclobutene monomer. Specifically, In a standard condition, tiie gas- 
liquid mixed fluid made of 100 to 500 ml/min of the carrier gas and 0.1 
to 0.5 g/min of the liquid organic feedstock is sprayed on the 
vaporization vacuum chamber held at 1 .3 kPa (10 torr) or less, and 
heated at a temperature of 160 to 250*0 to vaporize the liquid organic 
feedstock. 

Further, according to the invention, there is provided a method 
for growth of an insulation film, wherein a vaporization device for 
heating an aerosol of liquid organic feedstock to vaporize the liquid 
organic feedstock through the aerosol and form the vaporized organic 
feedstock is directly connected with a plasma polymerization reaction 
chamber, and the vaporized organic feedstock is directly fed to plasma 
in the plasma polymerization reaction chamber to grow an organic 
polymer film made of the liquid organic feedstock on a substrate. 

In the Invention, since the diameter of the aerosol is 100 /im or 
less, a specific surface area is large, as compared with an ordinary 
vaporization method in which a liquid film is heated, to increase a 
vaporization sectional area of the organic monomer, which makes it 
possible to instantaneously vaporize the same after heating. As a 
result, the organic monomer can be vaporized at a high temperature 
and a high vapor pressure to increase a vaporization rate. Moreover, 
since vaporization can instantaneously be conducted after the heating, 
the technical problem peculiar to the vaporization of the organic 
monomer in which the organic monomer is polymerized and solidified 




by heating at a high temperature can be solved. 

Since the carrier gas containing the organic monomer allows the 
polymerization reaction of the organic monomer on the substrate in the 
reaction chamber which is closed with a gas exhausted by a pump and 
to which RF plasma is applied, the organic monomer is not reacted with 
a reactive gas such as oxygen, nor does deterioration of characteristics 
such as the increase in dielectric constant owing to oxidation of a part of 
the resulting polymer film occur. 

'1 BRIEF DESCRIPTION OF THE DRAWINGS 

ll Fig. 1 is a flow chart describing fomnation of a DVS-BCB polymer 

;S film from a DVS-BCB monomer according to a first ordinary example; 

W Fig. 2 is a schematic view describing a method for vaporization 

iJj of liquid organic feedstock according to a second ordinary example; 

U Fig. 3 is a schematic view describing a method for vaporization 

C of liquid organic feedstock according to a third ordinary example; 

□ Fig. 4 Is a graph showing a relation between a saturated vapor 

2 pressure and a temperature of a DVS-BCB monomer and TEOS 

(tetraethyl orthosilicate); 

Fig. 5 is a graph showing a relation between a heating 

temperature of a DVS-BCB monomer and a ratio of an unreacted 

monomer; 

Fig. 6 is a schematic view showing an example of a vaporization 
method according to the invention; 

Fig. 7 is a graph showing a flow rate of a carrier gas, a total 
pressure in a vaporization chamber and a partial pressure of a BCB 
monomer when the vaporization method of the Invention is applied to 
vaporization of a DVS-BCB monomer; 
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Fig. 8 is a graph showing a temperature dependence of a feed 
amount of a BCB monomer, a partial pressure of a BCB monomer and a 
saturated vapor pressure of a BCB monomer when the vaporization 
method of the invention is applied to a DVS-BCB monomer; 

Fig. 9 is a graph showing a relation of a recovery rate of BCB 
monomer vaporization and a vaporization temperature when the 
vaporization method of the invention is applied to vaporization of a 
DVS-BCB monomer; 

Fig. 10 is a schematic view of an apparatus for growth of a 
polymer film by plasma polymerization using the vaporization method of 

the invention; 

Fig. 11 is a graph showing a relation of a vaporization 
temperature, a feed rate of a vaporizable BCB monomer and a growth 
rate of a plasma polymerization BCB film in an apparatus for growth of a 
polymer film by plasma polymerization using the vaporization method of 
the invention; 

Fig. 12 is an FTIR spectmrn of a plasma polymerization BCB film 
by an apparatus for growth of a polymer film by plasma polymerization 
using the vaporization method of the Invention; and 

Fig. 1 3 is a schematic view of an apparatus for growth of a 
polymer film by plasma polymerization using the vaporization method of 
the invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 
Before describing embodiments of the invention, methods 
according to the related art are described by referring to the drawings. 

In reference 1, as shown in Fig. 1, a solution of a 
divinylsiloxanebisbenzocyclobutene monomer In mesitylene is spin- 
coated, and then baked at a temperature of 100'C to remove 
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mesitylene as a solvent. Further, the product is heated to a 
temperature of 300 to ZdO'C, and an organic polymer film (DVS-BCB 
polymer film) with a three-dimensional polymer chain made of a 
divinylsiloxanebisbenzocyclobutene monomer represented by the 
formula of Fig. 1 is grown by a thennal ring opening reaction of a carbon 
4-membcred ring in benzocyclobutene and a polymerization reaction 

with a vinyl group. 

In the apparatus for growth of the organic film by the direct 

vaporization of the organic monomer in the second ordinary example, 
y as shown In Fig. 2, an organic monomer 1 7 in a tank 1 5 is first 
!^ evaporated by being heated under reduced pressure. Then, a plasma 
in polymerization reaction chamber 19 is evacuated with an exhaust pump 
^= 21 . and the organic monomer evaporated is fed to the plasma 

Sips 

^ polymerization reaction chamber 19 via a vaporized feedstock piping 23. 

O The organic monomer molecules are adsorbed on a surface of a 

£ semiconcluctor substrate 25 having a semicon ductor i ntegrated circuit 

Q lormed thereon, and a polymerization reaction proceeds with heat 

energy supplied by a substrate heating portion 27 to form a crosslinked 
stmcture and provide an organic insulation film. By the way. reference 
numeral 29 indicates an organic monomer evaporated. 

In the organic monomer vaporization method using the carrier 
gas according to the third ordinary example, as shown in Fig. 3, a 
vaporization controller 35 is so adapted that a small space between a 
head 33a and a body 33b with a shield 33c interposed is used as a 
vaporization chamber 33f to which the carrier gas is fed from a piping 
37 having a camer gas feed hole of the body 33b and a DVS-BCB 
monomer (organic monomer 17) from an organic monomer feed hole 
33e respectively. 
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That is, the organic monomer 17 Is heated at a predetermined 
temperature with a heater 33g for heating the organic monomer, the 
surrounding portion of the organic monomer feed hole 33e and the 
portion near the surface of the body 33b. In this case, since the liquid 
organic monomer is spread in the form of a liquid film to the small space 
between the head 33a and the body 33b. the heating efficiency is good. 
The vaporization chamber 33f is evacuated via a vaporized feedstock 
piping 39 connected with a reaction chamber 19 evacuated with the 
exhaust pump 21, and an organic monomer 41 vaporized is carried with 
a carrier gas 43. A diaphragm valve 33d mounted on a head just 
above the monomer feed hole 33e is vertically driven with a piezo- 
element to feed a fixed f!ow rate of the organic monomer, and an 
opening of the organic monomer feed hole 33e is then closed. 

Since the upper and lower main surfaces of the liquid organic 
monomer film are brought into contact with the head 33a and the body 
33b respectively, vaporization cannot occur from these surfaces. It is 
only from end surfaces of the liquid film that vaporization can occur. 
Consequently, the vaporization rate is low. Thus, there is a problem 
that the vaporization rate is lower than the polymerization rate in the 
heating at a high temperature and no satisfactory vaporization of the 
organic monomer is conducted. 

For example, as shown in Fig. 4, a divinylsiloxanebisbenzo- 
cyclobutene monomer (hereinafter referred to as a BCB monomer) has 
a saturated vapor pressure which is lower than that of TEOS (tetraethyl 
orthosilicate) used for growth of a plasma oxide film by 3 or 4 figures. 
For example, the saturated vapor pressure of TEOS at room 
temperature is 1 torr, whereas that of the BCB monomer requires 
heating at lOO'C for obtaining at least 1 torr. 



'7 



Meanwhile, as shown in Fig. 5. the polymerization rate of the 
BCB monomer Is increased as the temperature rises. When the BCB 
monomer Is heated at a temperature of 1501C for 1 minute, only 0.03 % 
of the monomer is polymerized. Meanwhile, when the temperature is 
1 70°C , the polymerization rate is increased to 0.24 %. When the 
temperature is 180'C, it reaches 1 % or more. When the temperature 
is further Increased. K Is advantageous because the saturated vapor 
pressure is increased. However, since the vaporization rate is low in 
the vaporization from only the end surfaces of the BCB monomer liquid 
film, the practical heating temperature of the organic monomer Is limited 

to approximately 150'C. 

The embodiments of the invention are described below by 

referring to the drawings. 

First, a method for vaporization of liquid organic feedstock made 
of an organic monomer or an organic oligomer capable of forming an 
organic polymer insulation film according to the Invention Is described. 
The following description is made upon taking the vaporization of the 
organic monomer as an example. However, the organic oligomer can 

also be applied. 

As*stjpwn In Fig, 6, a liquid organic monomer 17 stored in a 
feedstock tanl^^S is fed to a feedstock piping 23. and then to an organic 
monomer vapori^tion chamber 47 via a liquid mass flow controller 46 
at a predetermined ^te. On the other hand, a earner gas 51 Is also 
fed from a carrier gas piping 37 to the organic monomer vaporization 
chamber 47 via a gas mass^fjow controller 49. Actually, the timing of 
feeding the can-ier gas and the*Qraanic monomer is controlled with 
solenoid valves (not shown) mounte^between the vaporization 
chamber 47 and the mass flow controll^ 23, 49. The liquid organic 
monomer and the carrier gas are mixed in^ mixing nozzle portion 53 of 
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tl^ organic monomer vaporization chamber 47 to fomi a gas-liquid 
mi^d fluid 55. The diameter of the mixing nozzle portion 53 is 
rendered smaller than the diameters of the carrier gas piping 37 and the 
feedsti^ piping 23, and the fluid is sprayed from the mixing nozzle 
portion ta*a vaporization vacuum chamber 57. At this time, owing to 
the abnjpt pressure loss of the mixing nozzle portion 53 and the 
vaporization vapuum chamber 57, the gas-liquid mixed fluid 55 is 
converted Into ^ aerosol 68 of the organic monomer having a diameter 
of 1 00 jL/ m or lessjn the vaporization vacuum chamber 57. With 
respect to the fomiation of the aerosol, it is quite important to select the 
diameter of the mixin^nozzle portion 53 and the flow rate of the carrier 
gas. When the flow rate of the carrier gas is 50 to 500 seem, the 
diameter of the mixing no^e is 1 to 0.2 mm. The gas-liquid mixed 
fluid may be preheated to a temperature which is approximately 20''C 
lower than the polymerization starting temperature of the organic 
monomer through a block heater^se near the mixing nozzle portion 53. 



Or, the earner gas may be preheat^. 

)Sblock heater 63 heated at a predetermined temperature is 
installed irN<ie vaporization vacuum chamber 57, and the aerosol 68 of 
the organic mummer is heated through the block heater 63. Such an 
aerosol 58 is vapcJdzed by heating to form an organic monomer gas 41 



which is discharged from a vaporized feedstock piping 39 along with the 
canier gas. Although l^part of the aerosol is adhered to the surface of 
the block heater 63, this aeK^ol 58 is also instantaneously vaporized. 
The resulting organic monomCTsgas 41 is fed to a reaction chamber via 
the vaporized feedstock piping 3l^tivated through RF plasma, and 
then subjected to a polymerization reaction on a substrate heated at 



300''C to 420^ to grow an organic polyn^^er film. A piping heater is 
wound around the vaporized feedstock pipirWsQ lest the piping has a 



^14 ^ 

temper^t^re which is less than the vaporization temperature of the 
vaporizationV^uum chamber. In this manner, re-liquefaction of the 
organic monomer*§^41 is prevented. 

With respect to the organic monomer, any organic monomer 
having a reactive functional group for polymerization can be used in the 
production of the polymer film in the invention. In consideration of the 
easy feeding to the vaporization controller, it is preferable that the 
organic monomer is liquid. A monomer which Is liquid at room 
temperature is most preferable. However, with respect to a monomer 
which is solid at room temperature, the invention is quite effective as a 
method for growth of a polymer film of a divinylsiloxanebisbenzocyclo- 
butene monomer (hereinafter refen^ed to as a DVS-BCB monomer) in 
case of forming a layer-to-layer insulation film on a semiconductor 
substrate at such a temperature that polymerization is not drastic. The 
DVS-BCB monomer used In one embodiment is a liquid having a 
viscosity of 75 cP at room temperature, and it is an organic monomer 
used to form a layer-to-layer insulation film having a low dielectric 
constant on a semiconductor substrate in particular. 

On this occasion, as the carrier gas of the organic monomer, an 
inert gas to the organic monomer can be used, examples thereof being 
a hydrogen gas, a nitrogen gas, a helium gas, an argon gas and a neon 
gas. When the DVS-BCB monomer is used as the organic monomer, 
a helium gas having a high heat conductivity is preferable because the 
growth stability of the polymer film is increased and a superhigh-speed 
semiconductor integrated circuit can be produced with high productivity. 

The monomer and the oligomer used in the invention can form 
an organic polymer insulation film. It is advisable that the monomer 
and the oligomer do not form by-products in the polymerization. The 
monomer and the oligomer can include, other than the DVS-BCB 
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monomer, the following monomers and oligomers formed therefrom. 

fluoronaphthalene 
F 




maleimidobenzocyclobutene 




perfluorocyclobutene aromatic ether (PFCB) 

PFCB 




X 

fluorobenzocyclobutene (BCB-F8) 
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Especially preferable monomers and oligomers are compounds 
having an unsaturated hydrocarbon group such as a vinyl group on a 
benzene ring of benzocyclobutene, compounds having one or more 
benzocyclobutene structures in a molecule as shown below, derivatives 
thereof and oligomers formed therefrom. 




where Q represents the following groups. 




iy 



— ^-0+CH,4,0-C— 
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CH3 CH; 
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-C^0+CH,4,0"C— 
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" CH2 CH2 



— CH=CH — 
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HO OH 




The monomer or the oligomer is fed to the surface of the 
substrate in a gaseous phase. The vaporized organic monomer or the 
vaporized organic oligomer fed is adsorbed on the surface of the 
substrate, and heat-polymerized with plasma and energy supplied by 
heating the substrate to form an organic polymer film on the surface of 
the substrate. When the monomer or the oligomer is liquid, it Is 
vaporized by heating, heating and passage of an Inert gas, vacuum 
heating or vacuum heating and passage of an inert gas, and fed to the 
surface of the substrate. 

The polymerization conditions of the monomer or the oligomer 
vary with the type of the monomer or the oligomer. In the invention, it 




is preferable that the polymerization temperature Is 200 to 400°C , the 
polymerization pressure is 1 to 10 torr ar^d the feed rate of the monomer 
or the oligomer is 0.1 to 0.5 g/mln. The rate of film formation can be 
controlled by selecting the feed rate and the polymerization temperature 
of the monomer or the oligomer. Further, It can accurately be 
controlled by selecting the feed rate, the film formation temperature and 
the film formation time of the monomer or the oligomer. 

EXAMPLES 

9 The invention is illustrated specifically by refening to the 

in following Examples. 

S Example 1 

y In this Example, vaporization of divinylcyclohexanebisbenzo- 

y cyclobutene (molecular weight 390 g/mol) as an organic monomer Is 

J^ described. 

=C Divinylcyclohexanebisbenzocyclobutene (molecular weight 390 

O g/mol, hereinafter referred to as a BCB monomer) is a liquid having a 

5 viscosity of 75 cP at room temperature. 

The total pressure of the vaporization vacuum chamber 57 in the 
organic monomer vaporization chamber 47 shown in Fig. 6 is 
determined with the flow rate of the carrier gas fed to the organic 
monomer vaporization chamber 47, the pressure of the plasma 
polymerization reaction chamber and the pressure loss of the vaporized 
feedstock piping that leads to the plasma polymerization reaction 
chamber. In this Example, the pressure of the plasma polymerization 
reaction chamber is 3 torr, and He is used as a carrier gas. 

As shown in Fig. 7, the total pressure of the vaporization vacuum 
chamber 57 is increased as the flow rate of the He carrier gas is 
increased. In the vaporization of the BCB monomer, it is indispensable 
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that the partial pressure of the BCB monomer in the vaporization 
vacuum chamber is lower than the saturated vapor pressure of the BCB 
monomer. Fig. 7 also shows the partial pressure of the BCB monomer 
In the vaporization vacuum chamber 57 when a predetemiined amount 
of the BCB monomer is fed to the organic monomer vaporization 
chamber 47 and is all vaporized. The partial pressure of the BCB 
monomer is increased as the feed amount of the monomer is increased. 
The partial pressure of the BCB monomer does not show a great 
dependence on the flow rate of the carrier gas. The reason is as 
follows. That is, when the flow rate of the carrier gas Is Increased, the 
molar fraction of the BCB monomer in the vaporization vacuum 
chamber is decreased, but the total pressure is increased. Thus, the 
partial pressure (= total pressure x molar fraction) of the BCB monomer 
is offset, and no great change is provided. 

The saturated vapor pressure of the BCB monomer depends on 
the temperature. As shown in Fig. 8, the flow rate of the He carrier gas 
is set at 300 seem. Fig. 8 shows the partial pressure of the BCB 
monomer obtained from Fig. 7. When the feed amount of the BCB 
monomer is as small as 0.01 g/min. the partial pressure of the BCB 
monomer is 0.01 2 ton". When the vaporization vacuum chamber 57 is 
heated at 130°C or more with the block heater 63, the vaporization is 
theoretically possible. Meanwhile, when the feed amount of the BCB 
monomer is increased to 0.11 g/min, the partial pressure of the BCB 
monomer is 0.133 tonr, and the heating at 170t: or more is required. 
Further, when the temperature of the vaporization vacuum chamber 57 
is increased to 200°C, the vaporization of 0.5 g/min of the BCB 
monomer is theoretically possible. The theoretical region capable of 
vaporization is below the saturated vapor pressure curve of the BCB 
monomer. 




Subsequently, the BCB monomer is actually vaporized using the 
organic monomer vaporization chamber 47 shown in Fig. 6. A cooling 
trap is installed in the vaporized feedstock piping, and the vaporized 
BCB monomer is all re-liquefled. and recovered. A recovery rate is 
measured from a recovery amount of the BCB monomer relative to the 
feed amount thereof. The temperature of the vaporized feedstock 
piping 39 that leads to the cooling trap herein Is the same as the 
temperature of the block heater In the vaporization vacuum chamber 57. 
jhe feed amount of the He carrier gas is set at 300 seem. 

Fig. 9 shows a heating temperature in the vaporization vacuum 
chamber 57 and a recovery rate in vaporization. When the feed 
amount of the BCB monomer is 0.04 g/min, the recovery rate is 80 % at 
a temperature of 1 70*C in the vaporization vacuum chamber 57. and 
reaches approximately 1 00 % at 190°C . \Nhen the feed amount of the 
BCB monomer is 0.11 g/min, the recovery rate at 170°C is decreased to 
approximately 40 %. However, when the heating temperature is 
increased to 200*0. the recovery rate becomes 100 %. In the method of 
the invention in which the aerosol of the BCB monomer is evaporated 
by heating, the evaporation rate is high because of the large specific 
surface area. Accordingly, the vaporization occurs instantaneously 
before the polymerization reaction is conducted by heating at a high 
temperature of 200*C . The 1 00 % vaporization can be conducted in a 
feed amount of 0.5 g/min by heating at 250°C . 

It is thus identified that the excess polymerization reaction can 
be controlled in the vaporization of the organic monomer by 
instantaneously vaporizing the aerosol of the organic monomer through 
heating. 
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Example 2 

In this Example, the vaporization method of the invention is 
applied to the growth of the BCB polymer film. As shown in Fig. 10. an 
apparatus for growth of a BCB polymer film comprises four regions, 
namely, a liquid organic monomer feedstock feed system 69, a carrier 
gas feed system 71, an organic monomer vaporization chamber 47 and 
a plasma polymerization reaction chamber system 73. 

First, the liquid organic monomer feedstock feed system 69 is 
described . A BCB monomer 1 7, a liquid organic monomer, stored in 
1-j the feedstock tank 1 5 is fed to a feedstock piping 23, and then to the 
ii organic monomer vaporization chamber 47 via a liquid mass flow 
;| controller 45 at a predetermined rate. The feedstock piping 23 is 
W provided with solenoid valves 61 a, 61 b, 61 c and a piping 75 for vacuum 
ij drawing so as to be able to conduct vacuum drawing in exchanging 
i=j feedstock- 

1 In the carrier gas feed system 71 , an He carrier gas 61 is fed 
m from the earner gas piping 37 to the vaporization chamber 23 via the 

2 gas mass flow controller 49. Actually, the timing of feeding the He 
carrier gas is controlled with a solenoid valve 61c mounted between the 
vaporization chamber 47 and the mass flow controller 49. The carrier 
gas piping 37 is provided with a carrier gas heating filter 67, a 
thenriocouple 77 and a piping heater 59, having a function to preheat 
the He carrier gas 51 as required. In this Example, the carrier gas is 
not heated. 

The BCB monomer 17, an organic monomer and the He carrier 
gas 51 are fed to the organic monomer vaporization chamber 47 where 
the BCB monomer and the He carrier gas are mixed at a mixing nozzle 
portion to fomi a gas-liquid mixed fluid 55. The diameter of the mixing 
nozzle portion 53 is smaller than the diameters of the carrier gas piping 
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37 and the feedstock piping 23, and the fluid is sprayed from the mixing 
nozzle portion to the vaporization vacuum chamber 67. At this time, 
the gas-iiquid mixed fluid 65 is converted into an aerosol 58 of the BCB 
monomer having a diameter of 100 At m or less in the vaporization 
vacuum chamber 57 owing to the abrupt pressure loss of the mixing 
nozzle portion 53 and the vaporization vacuum chamber 57. With 
respect to the fonriation of the aerosol 58. it is quite important to select 
the diameter of the mixing nozzle portion and the flow rate of the carrier 
gas. When the flow rate of the carrier gas is 1 00 to 500 seem, the 
diameter of the mixing nozzle is 1 to 0.1 mm. In this Example, the 
diameter of the mixing nozzle is 0.8 mm. The block heater 63 heated 
at a predetermined temperature is installed In the vaporization vacuum 
chamber 67. and the aerosol 58 of the BCB monomer is heated via the 
block heater. This aerosol 58 is vaporized to form a BCB monomer 
gas 41 which is then discharged from the vaporized feedstock piping 39 
along with the carrier gas. 

^rther. the BCB monomer gas 41 is fed to the plasma 
polymeriz^ion reaction chamber system 73 via a vaporized feedstock 
piping 39. \ plasma polymerization reaction chamber 19 is provided 
with a showerhead 9 that can apply high firequency of 13.56 MHz. 
The BCB monomer gas Is passed through He plasma formed under the 
shower head 9, arlb^he polymerization reaction is conducted on a 
substrate 25 mounteds^n a substrate heater 27 heated at 300 to 420^ 
to grow a BCB polynier fijm. An RF power is 50 to 100 W (0.1 to 0.2 
W/cm^). y ^ 

A heater 59Vjs wound around the vaporized feedstock piping 39, 
the plasma polymerlf^on reaction chamber 19 and a discharge piping 
31 to prevent re-liquefaction of the organic monomer gas 41 . The 
temperature of the vaporiz^feedstock piping 39 is the same as the 
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heate^heating temperature of the vaporization vacuum chamber 57. 
For example, when the vaporization temperature of the BCB monomer 
is set at 190^, the temperature of the vaporized feedstock piping 39 is 
set at IGO'C. The temperature of the plasma polymerization reaction 
chamber 19 is lovv^than the heater heating temperature by 
approximately 20'C, nWiely 150 to MO'C The temperature of the 
discharge piping 31 is al^set at 1 50 to 1 70*C . The discharge piping 
31 is connected with a discf^ge pump 21 via a cooling trap 81. 
Further, for cleaning the inner ^^ll of the plasma polymerization reaction 
3 chamber 1 9, a cleaning gas is introduced from a cleaning gas piping 83 
B via a cleaning gas mass flow meter. \The cleaning gas is a mixed gas 
S of SFfi and oxygen or ozone which is in^oduced while an RF power is 
y applied. The cleaning gas may be a mix^gas of a fluorocarbon gas 
3 such as CF4 or CjFe and oxygen or ozone. X 

Three solenoid valves 61d, 61e, 61f are installed In the plasma 
F polymerization reaction chamber system 73. The actuation of the 
series of the solenoid valves in the growth of the BCB polymer film is 
described. The BCB monomer gas vaporized in the vaporization 
vacuum chamber is first discharged through the vaporized feedstock 
piping 39. The solenoid valve 61 d alone is first "opened" to discharge 
the BCB monomer gas at the initial stage of the vaporization without 
introducing the same into the plasma polymerization reaction chamber 
1 9. This state usually continues for 5 to 1 0 seconds. This is for 
discharging the vaporized gas of the BCB monomer remaining within 
the mixing nozzle portion 53 in the vaporization vacuum chamber. 
Thereafter, the solenoid valve 61 f is "opened", and the solenoid valve 
61 d is closed, whereby the BCB monomer gas is introduced into the 
plasma polymerization reaction chamber 1 9. At the Initial stage in 
which the gas is introduced into the plasma polymerization reaction 
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chamber 1 9, the pressure is Instable. For this reason, the BCB 
monomer gas continuously flows for 10 seconds without applying an RF 
power to the shower head 9. 

Subsequently, the RF power is turned on to grow a plasma 
polymerization BCB polymer film 24 on a substrate 25. After the 
growth for a predetermined period of time, the RF power is turned off, 
and the solenoid valve 61 h Is then closed to stop the feeding of the BCB 
monomer to the vaporization vacuum chamber 57 and feed the carrier 
gas 51 alone to the plasma polymerization reaction chamber via the 

Q vaporized feedstock piping 39 for 30 seconds. Then, the valves 61c, 

■0 

m 61f are closed, the vacuum drawing of the plasma polymerization 
y reaction chamber 1 9 is conducted for 1 0 seconds, and the substrate 25 
W is taken out into a substrate transport chamber (not shown). Further, 
the solenoid valve 61 e is opened to introduce the cleaning gas, and the 
RF power is turned on to conduct plasma cleaning of the inner wall of 
=i the plasma polymerization reaction chamber 19. The solenoid valve 
;i 61e is then closed again, the vacuum drawing of the plasma 
Q polymerization reaction chamber 1 9 is conducted, and a next substrate 

is set. 

The growth rate of the plasma polymerization BCB polymer film 
and the rate of vaporization (vaporizablllty) of the BCB monomer in 
using the apparatus for growth of the BCB polymer film are described 
by referring to Fig. 11. A substrate heating temperature is 400'C , a 
pressure of the plasma polymerization reaction chamber is 3 tonr, and 
an RF power is 50 W (0.1 W/cm^. In the method of the invention in 
which the aerosol of the BCB monomer is Instantaneously vaporized, 
the vaporization temperature can be 200*0 , and the vaporization rate of 
the BCB monomer reaches 0.1 g/min or more. Consequently, the 
growth rate of the plasma polymerization BCB film on the 8-inch 




substrate becomes approximately 4,000 A/min to achieve a level which 
is not problematic in actual use. Meanwhile, in the ordinary 
vaporization system shown in Fig. 3, the BCB monomer liquid film is 
evaporated by heating. Therefore, the vaporization rate is low. For 
avoiding the polymerization reaction of the BCB monomer before the 
vaporization, the upper limit of the vaporization temperature Is 
approximately 1 60'C . Consequently, the vaporization rate is as low as 
0.02 g/min, and the growth rate of the plasma polymerization BCB 
polymer film is 500 to 700 A/min. 
O As shown in Fig. 12, an infrared absorption spectmm of the 

IH plasma polymerization BCB polymer film obtained with the apparatus 
y for growth of the polymer film using the method for vaporization of the 
W organic monomer according to the invention is obtained on condition 
J5 that the pressure of the plasma polymerization reaction chamber is 3 
L ton- or 3.3 ton- and the RF power is 50 W (0. 1 W/cm^) or 75 W (0.1 5 

=p W/cm^. It Is identified that a polymer film made of DVS-BCB is 

U obtained in both cases. The specific dielectric constant of the plasma 

3 polymerization BCB polymer film is 2.5 to 2.7. 

Example 3 

In this Example, the vaporization method of the invention Is 
applied to the growth of the BCB polymer film as in Example 2. 
However, this Example is, unlike Example 2, characterized in that an 
organic monomer vaporization chamber 47 and a plasma 
polymerization reaction chamber 19 are connected through a vaporized 
feedstock piping 39 alone. This makes it possible that the organic 
monomer vaporization chamber is quite close to the plasma 
polymerization reacfion chamber. Since the presence of the valve 61 f 
or the long vaporized feedstock piping described in Example 2 leads to 
the pressure loss, restriction is increased in case of using low vapor 




pressure feedstock such as a BCB monomer. For this reason, it is 
advisable that the organic monomer vaporization chamber and the 
plasma polymerization reaction chamber are connected to minimize the 
pressure loss. Specifically, it is preferable that they are adjacent to 
each other. 

As shown in Fig. 13, in an apparatus for grov^rth of a BCB 
polymer film in this Example as well, a BCB monomer 17, a liquid 
organic monomer, stored in a feedstock tank 16 is fed to a feedstock 
piping 23 and then to the organic monomer vaporization chamber 47 via 
a liquid mass flow controller 45b at a predetermined rate. The 
feedstock feed piping 23 is provided with a piping for vacuum drawing, 
though not shown, as in Example 2 such that the vacuum drawing can 
be conducted in exchanging feedstock. 

The vaporization apparatus is also provided with a valve 61s for 
introducing a cleaning solvent, though not shown, to clean the inside of 
the organic monomer vaporization chamber 47. When the piping is 
cleaned, a solvent 89 stored in a cleaning solvent tank 87 is fed to a 
solvent piping 91 and then to an organic monomer vaporization 
chamber via a liquid mass flow controller 45a and valves 61 m. 61s. 
Consequently, the liquid organic monomer in the valves 61s. 61 1. 61 h 
and a piping for connecting these with a vapoilzation vacuum chamber 
57 is purged. Further, for cleaning also the feedstock piping 23 with 
the cleaning solvent, the cleaning solvent is adapted to be fed to the 
feedstock piping via a valve 61 j. Further, the solvent piping 91 is also 
provided with a piping for vacuum drawing, though not shown, as in the 
feedstock piping 23. 

A carrier gas is fed as in Example 2. However, since the 
organic monomer vaporization chamber 47 Is adjacent to the plasma 
polymerization reaction chamber 19. a cleaning gas piping 83 is 
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connected with a carrier gas piping via a cleaning gas mass flow 
controller 81 , which is different from Example 2. In cleaning the 
plasma polymerization reaction chamber, a valve 61 q on the side of the 
carrier gas is closed, and a valve 61 p on the side of the cleaning gas Is 
opened to introduce the cleaning gas. The cleaning gas is the same 
as in Example 2. 

The vaporization of the BCB monomer, the feeding of the He 
carrier gas and the fomiation of the BCB polymer film are the same as 
in Example 2 except that the vaporization feedstock piping 39 is very 
short. 

The actuation of the series of the solenoid valves In the growth 
of the BCB polymer film in this Example is described. First, the BCB 
monomer gas vaporized in the vaporization vacuum chamber is 
introduced into the plasma polymerization reaction chamber 19 via the 
vaporized feedstock piping 39. In this Example, unlike Example 2. the 
vaporized BCB monomer gas is fed to the plasma polymerization 
reaction chamber 19 also at the initial stage of feeding the BCB 
monomer. There is a fear of the influence of the vaporized gas from 
the BCB monomer remaining in a mixing nozzle portion 53 of the 
vaporization vacuum chamber. However, in case of using the BCB 
monomer, the rate of film fomiation is negligibly low at the substrate 
temperature described in Examples when no RF power is applied. 
Thus, there is no such Influence. 

Thereafter, the RF power is applied for a predetermined period 
of time as in Example 2 to grow a plasma polymerization BCB polymer 
film on the substrate 25. Then, the RF power is turned off, the 
solenoid valve 61 h is closed to stop the feeding of the BCB monomer to 
the vaporization vacuum chamber 57. and the carrier gas 61 alone is 
fed to the plasma polymerization reaction chamber via the vaporized 
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feedstock piping 39 for 30 seconds. 

Thereafter, the valves 61 q. 61c are closed, the vacuum drawing 
of the plasma polymerization reaction chamber 19 is conducted for 10 
seconds, and the substrate 25 is taken out on a substrate transport 
chamber (not shown). Further, the valves 61 p, 61 c are opened to 
Introduce a cleaning gas, and the RF power is turned on to conduct 
plasma cleaning of the inner wall of the plasma polymerization reaction 
chamber 1 9. Then, the solenoid valves 61 q, 61 c are closed again, the 
vacuum drawing of the plasma polymerization reaction chamber 19 is 
conducted, and a next substrate is set. 

The characteristics of the plasma polymerization BCB polymer 
film obtained in this Example are the same as in Example 2. 

As has been thus far stated, in the invention, the vaporization 
efficiency can be increased by mixing the organic monomer constituting 
the organic polymer film formed on the semiconductor substrate with 
the carrier gas at a low temperature and spraying the mixture to 
improve the specific surface area as fine particles of the liquid monomer. 
Especially, when, in case of the organic monomer, the temperature is 
increased to Increase the saturated vapor pressure, the polymerization 
reaction of the organic monomer occurs. However, the invention 
makes it possible that the organic monomer Is heated at a high 
temperature and instantaneously vaporized before the polymerization 
reaction occurs, providing the effect that the growth rate of the polymer 
film by the plasma polymerization of the vaporized organic monomer 

can be improved. 

Moreover, the invention grows the polymer film in high vacuum 
through plasma. Consequently, the high-quality polymer film can be 
obtained without causing the reaction of the partial oxidation of the 
polymer film by which to deteriorate the insulation property and increase 
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the specific dielectric constant. The quite excellent effect is brought 
forth for the growth of the polymer film used as the layer-to-layer 
insulation film with the low dielectric constant in combination with a 
copper wiring that extremely hates the oxidation. 



